choline and DMB show that the TMA lyase inhibitor reduces the level of bacterial taxa that are positively associated with the plasma levels of TMA, TMAO, and aortic root lesion area.
Previous work has shown that antibiotic-treated mice were partially protected from carnitine-or choline-induced atherosclerosis, linking the gut microbiota to atherosclerosis Wang et al., 2011) . Here, without depleting the entire gut microbial community but, rather, specifically inhibiting a microbial enzyme, the authors show that inhibiting the choline-to-TMAO pathway seems to be an effective target for treating atherosclerotic disease, along with a change in the gut microbiota to a more host-beneficial community.
These findings highlight the importance of specific food components and subsequent interaction with the gut microbiota that produce potentially harmful metabolites and can affect disease progression. In the future, it will be important to investigate whether DMB also inhibits atherosclerosis in Apoe À/À mice fed a Western diet, including high choline concentration, and to further investigate whether blocking of the TMA/TMAO pathway is a viable therapeutic strategy for treatment of CVD in humans. It is tempting to speculate also whether other diseases in which microbial metabolites are supposedly implicated in the pathology-as, for example, autism spectrum disorder (Hsiao et al., 2013 )-may also benefit from approaches such as that reported here. In fact, as we continue to uncover the relationship between microbial metabolites and human diseases, drugging microbial metabolism may deeply reshape the way that we treat diseases in the future: no longer focused on the host solely but, rather, on the intimacy of the host-microbiota relationship.
How stochastic is gene expression in mammalian cells? Not very, according to Battich et al., who report that single-cell variability in cytoplasmic mRNAs is remarkably predictable given measurements of a cell's phenotypic state and microenvironment. The noise from transcriptional bursts is buffered by a hallmark of eukaryotes-the nucleus.
Transcription of a gene is noisy business. Permissive chromatin states must combine with transcription factors, coactivators, and polymerase at a single locus to make RNA. When these conditions are right, transcription from the DNA template yields a stochastic burst of primary RNA copies with burst size and frequency depending on the genomic context (Dar et al., 2012) . Transcriptional noise gives rise to cell-to-cell variability that is exploited by viruses, bacteria, and fungi (Raj and van Oudenaarden, 2008) . By contrast, the intrinsic noise of transcription is ordinarily a problem for metazoans that must reproducibly coordinate cellular functions during tissue morphogenesis and homeostasis (Wang et al., 2012) . When isogenic mammalian cells are cultured in vitro, there is a loss of coordination, and transcript abundances appear highly variable (Figure 1 ). Such cell-to-cell heterogeneity could reflect uncontrolled transcriptional bursting or more-predictable regulation from extrinsic factors that are specific to the context of each individual cell. By combining single-cell counting of cytoplasmic transcripts with various data-driven modeling approaches, Pelkmans and coworkers, in this issue of Cell, argue strongly for the latter (Battich et al., 2015) . The noise from transcriptional bursts is dampened by retention of primary RNAs in the nucleus, allowing contextual inputs to act as the predominant source of transcript variability in the cytoplasm.
To quantify cytoplasmic transcripts, the authors use a variant of single-molecule FISH that uses branched DNA (bDNA) for signal amplification. The amplified signal and modularity of bDNA enable high-throughput onecolor fluorescence detection of 932 transcripts at singlemolecule resolution across thousands of cells per transcript. Other fluorescence channels are used to track the nucleus, mitochondria, and cell body, giving convenient indications of cellular regulatory states that may relate to transcript count. For example, overall nuclear fluorescence is proportional to DNA content and thus cell-cycle status, whereas mitochondrial features conceivably give clues about cellular metabolism. Going beyond cell-autonomous indicators, Battich et al. (2015) also include cellular-state measures of nearby cell neighbors to compile a signature of 183 image-derived features per cell. These contextual features are used to estimate the fraction of transcript variability that is attributable to a cell's extrinsic regulatory state and compare it to the alternative hypothesis that stochastic transcriptional bursting dominates.
For primary human keratinocytes and a karyotypically stable HeLa clone, the results are clear. With stochastic bursting, a classic model of chromatin accessibility and transcription does no better than random guessing at cytoplasmic mRNA abundances as expected. By comparison, relating cellular context to regulatory state predicts upward of 50%-60% of the measurable variance with most of the leftover variability attributable to Poissonian ''counting noise'' (e.g., counting 14 average transcripts per cell will only give exactly 14 transcripts less than 11% of the time; Figure 1 ). The mapping from cell phenotypic state to transcript copy number appears mechanistic and directional because micropatterned substrates that homogenize cell size and nearest neighbors cause decreased cell-to-cell heterogeneity. Most provocatively, when the authors cluster their single-gene models based on the weights of the various image metrics, they uncover networks of transcripts with strong functional ties to the cellular features weighted most heavily. For instance, genes with strong mitochondrial-feature weightings are enriched in mitochondrially encoded transcripts, and those with strong nearest-neighbor weightings are enriched in autocrine-paracrine effectors. These findings suggest that the steady-state abundance of mature mRNAs is largely dictated by microenvironmental and morphometric inputs that vary from cell to cell in the population.
Predictability of transcripts in the cytoplasm is not incompatible with stochastic transcriptional bursting in the nucleus. If primary RNAs reside in the nucleus for a time before export, then this residence time can dampen the consequences of bursting. Indeed, both Battich et al. (2015) and an accompanying paper in Cell Reports from the Itzkovitz group (Bahar Halpern et al., 2015) show by different computational approaches that nuclear retention attenuates noisy cytoplasmic fluctuations, which would otherwise result from transcriptional bursting. Bahar Halpern et al. uncover multiple examples of transcripts that are strongly retained in the nucleus and suggest that certain 3 0 UTR sequences may have evolved to promote buffering from noise. Battich et al. (2015) provide a direct test of the nuclear-retention hypothesis, showing by genetic perturbation that global delays in mRNA export reduce noise in cytoplasmic transcripts without affecting overall copy number. Thus, by splitting the steps of the Central Dogma into two subcellular compartments, eukaryotes can prevent transcriptional noise from impacting the coordinated cellular functions of translated proteins.
The work of Battich et al. (2015) is an exemplar of modern systems biology, wherein large-scale experiments enable computational models to uncover cell-biological principles that extend beyond the systems field (Janes and Lauffenburger, 2013) . Prior work on RNA sequencing of single-cell isolates has demonstrated that cell-cycle status confers a dominant pattern of cell-to-cell variability (Buettner et al., 2015) . Battich et al. (2015) go further by collecting transcriptomic profiles in situ and illustrating the strong influence that local context has on a cell's transcript abundance. The work thereby puts a disclaimer on single-cell transcriptomic methods that require the dissociation of adherent cells. Although adequate for lineage mapping, single-cell RNA sequencing of detached cells likely distorts transcript abundances that adapt to cellular context (Wang et al., 2014) .
More generally, there are many interesting questions raised by the authors' findings. For example, extensive protein bursting is observed when a reporter downstream of the HIV LTR is randomly inserted in a mammalian genome (Dar et al., 2012) . Was the excess variability here caused by the lentiviral promoter or by the fact that the lymphocytic recipient cells lacked most of the contextual features used by Battich et al. (2015) ? One also ponders the extensibility of the findings to 3D tissues, where cellular context is likely to be an even greater contributor to transcriptional regulatory heterogeneity. The bDNA FISH method used in Battich et al. (2015) has not been adapted to tissue sections as achieved by Bahar Halpern et al. (2015) with standard oligonucleotide-based FISH. However, the 100-fold improved brightness of bDNA FISH opens up the possibility of confocal (Wang et al., 2014) , is shown in 3D spheroids of basal-like breast epithelia. Despite nuclear bursting of some cells in the apex of the spheroid (yellow inset), all have comparable cytoplasmic transcript counts (right) that are higher than many cells in the spheroid (not shown). The 90% confidence interval is shown for a Poisson random variable with mean of 14. Image courtesy of K.A. Janes. or two-photon microscopy of thick tissue slices in the future.
Stochastic bursts of activity arise outside of biology; for example, telecommunication systems that transmit information as network packets. Communication channels stay within specified bandwidth limits by implementing a ''leaky bucket'' algorithm, which collects incoming packets and transmits them at a fixed rate regardless of when activity surges (Parekh and Gallager, 1993) . RNAs do not leak through nuclear pore complexes, but active transport is slow enough to endow the nucleus with bucket-like characteristics. This noisebuffering analogy may even hold for the smaller nuclei of simpler eukaryotes, such as yeast, whose protein expression noise is mostly well behaved (Bar-Even et al., 2006) . The results of Battich et al. (2015) and Bahar Halpern et al. (2015) should motivate further study into nuclear mRNA retention and the contextual drivers of cytoplasmic mRNA abundance.
The multiple cell types comprising blood have been thought to emerge from progenitors with progressively narrower lineage options. New data suggest that lineage fate may be determined earlier than thought and that myeloid progenitor populations are aggregates of individual lineage-restricted cells.
The bone marrow is a spectacular cell foundry generating between one and three hundred billion blood cells every day in humans. It dynamically shifts to make differing amounts of specific blood cell types based on need. How the system turns on and off and guides production of particular cells has been the substance of decades of work. The results are paradigmatic for broad biologic principles like the existence of multipotent, somatic stem cells and progenitors, growth factors, lineage-fate-determining transcription factors, and stem cell therapies. Much of hematopoiesis has been considered resolved science. However, work by Paul et al. and Perié et al. in this issue of Cell suggests that the canonical models need reworking and that some long forgotten controversies are alive again.
Seminal work by Till and McCulloch first demonstrated the existence of hematopoietic stem cells (HSCs) with the ability to regenerate all types of blood lineages (Becker et al., 1963) . Intermediate differentiation states were then identified owing to two advances-first, isolating cell populations according to their immunophenotype by flow cytometry and second, transplanting them to assess their differentiation potential (Chao et al., 2008) . This work led to the model that a HSC makes the binary choice to become myeloid or lymphoid, and if myeloid, it becomes a cellular intermediate capable of differentiating into all myeloid cell types (erythrocytes, platelets, monocytes, dendritic cells, and granulocytes): a common myeloid progenitor (CMP) (Akashi et al., 2000) . This cell, conceived to be in a state of transcriptional equipoise, could be directed to any of several fates ( Figure 1A) .
Using single-cell transcriptional profiling and functional assays, Paul and colleagues found that myeloid progenitors
